Introduction
Together with the rapidly developing employment of wavelength division multiplexed optical communication systems, a renewed interest in the development of advanced optical fibres for new applications has been seen. The research primarily includes the further development of the mature silica fibre technology to handle amplification, dispersion compensation, nonlinearities etc. However, also completely new fibre concepts have been introduced over the past few years, among which we believe the photonic crystal fibre (PCF) [I] to be one of the most interesting. The PCF is a silica fibre with a hexagonal array of air holes running down its length. It is particularly interesting from a waveguiding point of view, because it shows properties that are very different from standard optical fibres, including single-mode operation in a wavelength range from 337 nm to beyond 1550 nm [2]. In a :recently published article [3] , further experimental and numerical evidence for the unique single-mode properties of the PCF was presented, and it was stated that the dispersion properties of the fibre are expected to exhibit some unusual features. Since it is exactly these properties that may decide whether or not the PCF is potentially interesting for future communication system applications, we have in this letter taken up the challenge of predicting the dispersion propertimes of these new fibres. The approach for this analysis is based on the combination of the approximate effective-index model [2] developed for PCFs and well-established propagation models for standard optical fibres.
Modelling of the photonic crystal fibre
The PCF waveguide is formed by a hexagonal array of air holes (with diameter d) embedded in a silica matrix, where the center-to-center spacing between the nearest air holes is generally refered to as the pitch, A.
For the calculation of the waveguiding properties of the fibre, point of reference is chosen in the effective-index model outlined in [2] . In this model, the waveguide consists of a core and a cladding region that have refractive indices n,,, and ne]. The core is pure silica, but the definition of the refractive index of the microstructured cladding region is defined in terms of the propagation constant of the lowest order mode that could propagate in the infinite cladding material. This cladding molde field, v, is determined by solving the scalar-wave equation within a unit cell centered on one of the holes. By reflection symmetry the boundary condition at the cell edge (at radius A/2) is dyr/ds = 0, where s is the coordinate normal to the edge. The propagation constant oT the resulting fimdamental space-filling mode, PFSM, is used to define the effective index of the cladding as nc.. = PFSM/k (where k is the free-space propagation constant of light with wavelength h). Now having determined the cladding-and core-index values, the approximate propagation properties of the PCF may be calculated as for a stepindex fibre with core index ncor core radius A/2, and cladding index nLI = nCtI. The present cladding-mode model only deviate from the one described in [2] , by the addition of a wavelength[ dependent refractive index for silica through the Sellmeier formula [4] . Furthermore, the dispersion properties are calculated by numerical differentiation as described in [5] . In [2] , the bending properties of the PCF was described by the introduction of it critical bend radius. However, in order to better characterise the unique PCF bending properties including both a low-wavelength and a long-wavelength bend-loss edge, we have here chosen to apply the bending loss formula described in [GI.
Comparison between standard fibres and PCFs
To characterise the potential communication system applications of PCFs, it is natural to compare their properties to those of the standard optical fibre. Therefore, we first focus on the spectral spotsize variation of a PCF with a pitch of 2.3 pm, and an air-hole size given by d/A = 0.40 (fibre parameters comparable to those presented in [2] ). The calculated PCF spotsize is shown in Figure 1 as a function of wavelength together with the spotsizc of a standard stepindex fibre. 
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The standard fibre has the same core-cladding refractiveindex difference a s the PCF at the wavelength h = 1.3 pm, and a core diameter of A. An important observation From this comparison is that the PCF has a much weaker wavelength dependency than the standard fibre.
T h e transparency range of the PCF was in [2] described to be ultimately limited by bend-loss edges at short wavelengths and at long wavelengths. Applying the formula of -ECOC98,20-24 September 1998, Madrid, Spain
[6], the bend loss is directly calculated from the Bessel function coefficients and propagation constant of the effective-index fibre. In the case, where the full length of the fibre is coiled at a radius of 6.0 cm (corresponding to dispersion-compensating fibre coils), the bending-loss values for different air hole dimensions are shown in Figure 2 for a PCF with A = 2.3 pm. Note that both the upper and the lower bend edge is found, which clearly is in contrast to the standard fibre (bend loss also shown in Figure 2 for the above mentioned step-index fibre).
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These results indicate that a large operational wavelength range (of interest to optical communications) is available with PCFs, which in addition have the perspective of providing very low scattering losses, because they may be fabricated from undoped silica.
Dispersion properties of photonic crystal fibres
After having indicated the unique properties of PCFs with regard to spotsize and loss, the most interesting question remains, namely how are the dispersion properties of these new fibres. To clarify this, point of reference is once more taken in the design outlined in [2-31, i.e., a PCF with a pitch of 2.3 wm. For such fibres with variable air hole filling fractions, the dispersion is shown in Figure 3 as a function of wavelength. From Figure 3 we first note that for very small air filling fractions, e.g., when the influence of the air holes are strongly limited, the dispersion curve is expectedly very close to the material dispersion of pure silica (zero dispersion wavelength around 1.3 pm). As the diameter of the air holes is increased, the waveguide dispersion becomes increasingly strong, and we obtain a significantly reduced dispersion. Figure 4 , where very flat dispersion curves with values down below -100 pslkmlnm are seen. 
Wavelength (nm)
For the fibre parameter range used in Figure 4 , it is noteworthy that the effective normalised frequency [Z], Vclf, is in the range from 2.0 to 3.5 (smallest value for smallest pitch). This should be compared to the result of [3] , where it is found that a PCF with Verr < 2.5 could be expected to support only a single mode.
To the best of our knowledge, we believe for the first time to have predicted the dispersion properties of photonic crystal fibres. The results strongly indicate that these fibres have potential applications as dispersion managing components.
